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TORCH CUTTER EXHAUST SYSTEM 

• BACKGROUND OF THE INVENTION 
Fieldof the Invention 

[0001] \ This invention relates to an exhaust system for torch cutters, and more particularly to 
an exhaust system for torch cutters having an exhaust shroud that moves with a discharge tip of 
the torch and an exhaust hose that moves in unison with a gantry to efficiently remove smoke and 
fumes without adversely affecting the cutting jet of the torch cutter. 
Description of Prior Art 

[0002] A wide variety of exhaust systems are currently used to exhaust the fluid debris and 
gas by-products produced by a torch while cutting stock material. Because of the intense heat 
produced by the heat jet, much of what comes in contact with the heat jet oxidizes/vaporizes and 
becomes undesirable fumes or smoke. This is particularly true for plasma torch cutters. While 
the present invention is not limited to plasma torch cutters, our description will be limited to 
those for ease of discussion. 

[0003] In a typical plasma torch cutter application, a piece of stock material is placed on a 
table having a shallow reservoir whereby the stock material is submerged in water. A torch is 
usually suspended from a support structure above the table some desired height above the stock 
material. The torch is then maneuvered two-dimensionally to produce the desired cut. 



[0004] To remove the potentially hazardous fumes, many approaches have been tried. 
Increased general ventilation has been tried , but proved inefficient. Such an approach produces 
drafts and uncomfortable noise levels. Better results are obtained using local ventilation. Certain 
prior art inventions use stationary ventilators to remove the fumes from a specific region as the 
torch passes through that region. Those apparatus do a better job than general ventilators, but 
tend to remove more air than is necessary and can affect the precision of the cut. Local stationary 
ventilators can also pose an obstacle that must be accounted for in designing the mechanism to 
move the torch. 

[0005] Another prior art apparatus associates a suction hood with each torch such that the 
suction hood moves in concert with the torch and a juxtaposed moveable suction box. While this 
apparatus offers effective isolation of the region to be evacuated, the coordinated tracking of the 
torch and hood with the entire suction box is cumbersome. Similarly, a device that allows a 
moveable hood connected to a vacuum duct that is in sliding connection to a vacuum source, 
such that the hood and duct can move with the torch, is less than desirable because the sliding 
seal is difficult to maintain. 

SUMMARY OF THE INVENTION 

[0006] The present invention uses an innovative design to produce a torch cutter exhaust 
system having a torch and an exhaust shroud at least partially encircling a discharge tip of the 
torch and mounted to the torch for movement therewith. The exhaust shroud is a crescent-shaped 
enclosure having an open arcuate wall defining an intake port and an outer arcuate wall having an 
output port. A table is located beneath the torch to support a stock material while the stock 
material is being cut by the torch. A gantry, movably mounted to the table, supports the torch 
and exhaust shroud. A duct, mounted to the gantry, connects the exhaust shroud with a flexible 
exhaust hose located alongside the table. The output end of the hose connects to a vacuum 
source to create low pressure near the discharge tip of the torch. The input end of the exhaust 



hose moving in unison with the gantry. The exhaust hose is supported by a wheel assembly that 
moves in response to the motion of the gantry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] So that the manner in which the described features, advantages and objects of the 
invention, as well as others which will become apparent, are attained and can be understood in 
detail, more particular description of the invention briefly summarized above may be had by 
reference to the embodiments thereof that are illustrated in the drawings, which drawings form a 
part of this specification. It is to be noted, however, that the appended drawings illustrate only 
typical preferred embodiments of the invention and are therefore not to be considered limiting of 
its scope as the invention may admit to other equally effective embodiments. 



j r [0009] Figure 1 is a perspective view of a torch cutter exhaust system constructed in 



(3 [0010] Figure 2 is a section view of the support assembly of the torch cutter exhaust system 
□ of Figure 1. 
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[0011] Figure 3 is an enlarged view of an exhaust shroud of the torch cutter exhaust system 
of Figure 1. 

[0012] Figure 3 A is an enlarged view of an alternative embodiment of an exhaust shroud of 
the torch cutter exhaust system of Figure 1. 

[0013] Figure 4 is an exploded view of a portion of the support assembly of Figure 2. 
[0014] Figure 5 is a side view of the support assembly and exhaust hose of the torch cutter 
exhaust system of Figure 1, showing the support assembly and exhaust hose near one end of their 
full range of motion. 




[0008] In the drawings: 



accordance with the present invention. 
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[0015] Figure 6 is a side view of the support assembly and exhaust hose of the torch cutter 
exhaust system of Figure 1, showing the support assembly and exhaust hose displaced from the 
position shown in Figure 5. 

[0016] Figures 7-11 are a sequential series of schematic side views of the support assembly 
and exhaust hose of the torch cutter exhaust system of Figures 5 and 6, showing the progression 
from the configuration shown in Figure 5 to the opposite end of the full range of motion. 

DETAILED DESCRIPTION 

[0017] Referring to Figure 1, torch cutter exhaust system 10 comprises a torch 12 and an 
exhaust shroud 14 at least partially encircling discharge tip 16 of torch 12, exhaust shroud 14 
being mounted to torch 12 for movement therewith. A table 18 is located beneath torch 12 to 
support a stock material while the stock material is being cut by torch 12. A gantry 20 is 
movably mounted to table 18 and torch 12 and exhaust shroud 14 are mounted onto gantry 20. A 
duct 22 is mounted to gantry 20 and has an input end 24, which is a manifold, and an output end 
26. The input end 24 of duct 22 is connected to exhaust shroud 14. A flexible exhaust hose 28, 
located alongside table 18, has an input end 30 connected to output end 26 of duct 22 and an 
output end 32 (Fig. 5) for connection to a vacuum source (not shown) such that the vacuum 
source creates a low pressure area in the immediate vicinity of discharge tip 16 of torch 12. The 
input end 30 of exhaust hose 28 moves in unison with gantry 20. Output end 32 is fixed to the 
table 18 or the floor and does not move with gantry 20. 

[0018] Torch 1 2 can be an ox ygen/acetylene torch, but is normally a plasma torch. Plasma 
torches use a superheated stream of ionized gas issued at hig h velocity to cut a stock material, 
and are well known in the art. To actively collect and remove fluid debris such as noxious gases 
and vaporized matter produced by torch 12, torch cutter exhaust system 10 uses exhaust shroud 
14 to communicate a low pressure area in the immediate vicinity of discharge tip 16. The fluid 
debris flows in response to the low pressure, moving toward exhaust shroud 14. Exhaust shroud 
14 is attached to torch 12 so that exhaust shroud 14 moves with torch 12. 



[0019] Exhaust shroud 14 can be a hollow, fully-surrounding enclosure having at least one 
input port and an output port, but is preferably a hollow, crescent-shaped body having two tips or 
free ends 35, as shown in Figure 3. Enclosure 34 has an arcuate inner opening that defines an 
input port 36. Baffles 38 extend between lower and upper surfaces 41, 42 within enclosure 34 to 
direct fluid flow. An output port 40 extends from an arcuate outer surface 39 of enclosure 34 and 
connects to the input end 24 of duct 22. Fluid flow is directed to output port 40. Enclosure 34 
can have an arcuate inner surface on which there are variously-sized input ports 36, or can have 
one large opening divided by baffles 38 as shown in Figure 3. Lower and upper surfaces 41, 42 
of enclosure 34 may diverge from each other. 

[0020] In the embodiment of Figure 3, upper surface 42 is in a plane that is inclined relative 
to lower surface 41. Also, the arcuate outer surface 39 of enclosure 34 is not coaxial with the 
arcuate input port 36. The contours of outer surface 39 and input port 36 are selected to produce 
a lesser distance between them at the two free ends 35 than that between the base 37 at outlet port 
40 and a central region 43 of arcuate input port 36. The horizontal cross-section gradually 
increases from free ends 35 to base 37 at outlet port 40. The vertical cross section also gradually 
increases from free ends 35 to base 37 at outlet port 40 because of the inclined upper surface 42. 
This results in a gradually increasing flow area from free ends 35 to outlet port 40. 

[0021] Preferably the contour of input port 36 is circular with a centerpoint at discharge tip 
16. Preferably the contour of outer surface 39 is circular but with its centerpoint offset from 
discharge tip 16. Outlet port 40 is farther from discharge tip 16 than outer surface 39 at free ends 
35. 

[0022] Figure 3 shows discharge tip 16 approximately centered in the partially enclosed area 
of exhaust shroud 14. It is advantageous not to completely enclose discharge tip 16 so as to be 
able to remove it without removing exhaust shroud 14, but this can introduce an unbalanced flow 
pattern around discharge tip 16. The imbalance in fluid flow can cause the heat jet to be 



deflected from its intended cutting location. The gradually increasing flow area of enclosure 34 
and the tapered input port 36 reduces this imbalance. The fluid flows faster in the reduced area 
portion of input port 36 near fee ends 35 than in the greater area portion adjacent outlet port 40. 
The differing fluid flow rate compensates for the missing portion of exhaust shroud 14 and 
restores balance. 

[0023] As an alternative embodiment, exhaust shroud 14a in Figure 3 A is a hollow, crescent- 
shaped body having two tips or free ends 35a, but enclosure 34a has no arcuate inner opening 
such as input port 36 in Figure 3. Instead, enclosure 34a uses holes 33a in bottom surface 41a as 
input ports, and has an inner arcuate wall 36a similar to outer arcuate wall 39a. In this 
embodiment, outer arcuate wall 39a extends below bottom surface 41a, forming a lip 37a. 
Similar to the embodiment of Figure 3, the widest portion of upper surface 42a of enclosure 34a 
is near output port 40a. From there, upper surface 42a tapers smoothly outward to its narrowest 
portions, near free ends 35a. Free ends 35a are preferably open, but can be closed. Baffles 38 
(Figure 3) may or may not be present in the embodiment of Figure 3 A. 

[0024] Referring back to Figure 1, output port 40 of exhaust shroud 14 connects to input end 
24 of duct 22. Duct 22 can be a single conduit if there is only one torch 12, or it can have a 
manifold 44 to accommodate multiple torches 12. In either case, duct 22 forms a passageway for 
the fluid debris collected by exhaust shroud 14 to flow through. Duct 22 mounts to and moves 
with gantry 20. Except for its input end 24 and output end 26, duct 22 is flexible to allow torch 
12 and exhaust shroud 14 to move from one side to the other of gantry 20, referred to herein as 
the x-direction. 

[0025] Gantry 20 is a support structure that spans table 18 and can travel from one end of 
table 18 to the opposite end in the y-direction. Gantry 20 supports torch 20 and exhaust shroud 
14, in addition to duct 22. Torch 12, exhaust shroud 14, and duct input end 24 move with gantry 
20 in the y-direction, and are free to move in the x-direction relative to gantry 20 and table 18. 



[0026] Output end 26 of duct 22 is rigidly mounted to gantry 20 and connects to input end 30 
of flexible exhaust hose 28. As gantry 20 moves along table 18 in the y-direction, output end 26 
of duct 22 and input end 30 of exhaust hose 28 move in unison with gantry 20. This can be a 
large displacement from one end of table 18 to its opposite end. Thus, exhaust hose 28 must be 
able to accommodate such large displacements while its output end 32 remains fixed, connected 
to a vacuum source. To do so, torch cutter exhaust system 10 uses a support assembly 45 (Figure 
2) comprising tracks 46, a wheel or set of wheels 48, and rollers 50 on which wheels 48 are 
rotatably mounted and carried by tracks 46. 

[0027] Figure 4 shows the essential elements of support assembly 45 for a single wheel 48 
and roller 50. Wheel 48 is secured to axle 52, preferably in rolling contact, but optionally rigidly 
attached. Wheel 48 is constrained from sliding along the length of axle 52 but can rotate with or 
on axle 52. Axle 52 penetrates, along a common axis, roller 50, spacers 54, bearing 56, and 
retainer 58. Retainer 58 attaches to axle 52 and is constrained from sliding along the length of 
axle 52. Roller 50 is preferably rotationally attached to axle 52, but may be rigidly attached if 
wheel 48 is free to rotate on axle 52. In either configuration, roller 50 is constrained from sliding 
along the length of axle 52. Spacers 54 are preferably free to rotate on axle 52 and maintain a 
desired spacing between roller 50 and bearing 56, and between bearing 56 and retainer 58. To 
the extent that spacers 54 rotate relative to retainer 58, bearing 56, or roller 50, they are in sliding 
contact with those abutting elements. Thus, the distance between retainer 58 and roller 50 is 
constant. 

[0028] Tracks 46 are shown as a pair of angle members, each with a horizontal surface and a 
vertical surface. Rollers 50 roll on the horizontal surfaces of tracks 46. Thus, support assembly 
45 allows wheel 48 to travel alongside table 18 in parallel motion with gantry 20 and the 
connected output end 26/input end 30 of duct 22 and exhaust hose 28, respectively. In the 
embodiment of Figure 4, wheels 48 are rotationally attached, via axle 52, to rollers 50 for 
movement along track 46, the wheels 48 being able to rotate independently of the movement of 
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the rollers 50. 



[0029] A spacebar 62 extends between each bearing 56. Spacebar 62 is attached to the outer 
surfaces of bearings 56 and maintains a fixed distance between each wheel 48. Spacebar 62 is 
shown as an angle member, but it could be configured otherwise. 

[0030] The length of table 18 generally requires exhaust hose 28 to be very long, and thus 
requires support assembly 45 to have a set of wheels 48. Wheels 48 are spaced according to the 
support requirements of exhaust hose 28, and the desired spacing is held fixed by spacebars 62 
(Fig. 5). Thus, the set of wheels 48 travel as a unit along and preferably span approximately one- 
half the length of tracks 46. 

[0031] Tracks 46 are supported by upright legs 63 (Fig. 1). Guide legs 65 are paired with 
support legs 63 between legs 63 and table 18. Hose 28 will position itself between each pair of 
legs 63 and 65. There are no cross braces between legs 63, 65. Consequently, a portion of hose 
28 can lift above legs 63, 65 as the assembly of wheels 48 move along track 46. 

[0032] Figure 5 shows exhaust hose 28 very near a forward end of its full range of motion. 
Support legs 63 at that end are labeled 63a and 63b. The support legs at the opposite end are 
labeled 63c and 63d (Fig. 6). The invention is not limited to four support legs 63 or three wheels 
48— the embodiment shown is for ease of illustration only. In the position shown in Figure 5, 
none of exhaust hose 28 is supported by wheels 48, designated as 48a, 48b, and 48c. Figure 6 
shows exhaust hose 28 moved toward the opposite end (leg 63d) of its full range of motion from 
that of Figure 5. In that position, exhaust hose 28 is supported in multiple locations by wheels 
48. As Figures 5 and 6 show, a cable 66 attaches to output end 26 of duct 22, loops over wheels 
48, attaches to fixed output end 32 of exhaust hose 28, continues to loop under wheels 48, and 
fastens again to output end 26 of duct 22 to form a closed loop around wheels 48. 

[0033] When moving from forward leg 63a toward rearward leg 63d, cable 66 engages wheel 
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48a and pushes the entire wheel assembly toward rearward leg 63d. Neither hose 28 nor cable 66 
elongates while moving along track 46. Cable 66 assists wheels 48 to move along track 46 in 
response to the motion of input end 30 of exhaust hose 28. Thus, as input end 30 of exhaust hose 
28 moves, cable 66 engages wheels 48 to track that motion. Cable 66 prevents loading on 
exhaust hose 28 that would otherwise occur if hose 28 were used to move wheels 48. More 
importantly, cable 66 causes exhaust hose 28 to ride over and onto wheels 48 as input end 30 of 
exhaust hose 28 moves from the configuration shown in Figure 5 to that shown in Figure 6. 
Figures 7-1 1 illustrate how exhaust hose 28 rides over and onto wheels 48 in "snapshot" fashion. 
Throughout the movement of input end 30 of exhaust hose 28, output end 32 of exhaust hose 28 
^ remains fixed relative to table 18 (or the floor on which it rests). While moving in a reverse 
! ;3 motion toward forward leg 63a, cable 66 will engage the most rearward wheel 48c and push the 
wheel assembly back toward forward leg 63a. 



I 

!'3 



5 I0 ° 34J ^ 46 my CXtend Sli § htl y P ast the rearward end of table 18 so that forward end 
| J wheel 48a is located near the midpoint end of table 18 while gantry 20 is in the most rearward 
H position. Wheel 48c will be near the rearward end of table 18 in this position. In the 

I emb ° diment ^ fiX6d ° Utlet end 32 » Seated at the approximate midpoint of table 18 
Q adjacent leg 63b. 

10035] During cutting operations, gantry 20 moves along table 1 8 to move torch 12 over the 
desired cutting path. Exhaust shroud 14 moves with torch 12, collecting fluid debris as it is 
produced. Duct 22 moves with gantry 20 and transfers the fluid debris from exhaust shroud 14 to 
exhaust hose 28. The input end 30 of exhaust hose 28 moves in unison with gantry 20. Flexible 
exhaust hose 28 moves parallel to table 18, being supported by moving support assembly 45 as 
input end 30 of exhaust hose 28 is pulled toward or away from fixed output end 32 of exhaust 
hose 28. 

[0036] The present invention offers many advantages over the prior art. The exhaust shroud 
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provides a balanced vacuum intake, not disturbing the heat jet. By tracking the torch, the exhaust 
shroud is very efficient compared to general ventilation. The present invention offers better 
maneuverability and cut precision than stationary local vacuum hoods. The flexible exhaust hose 
used in conjunction with the support assembly is superior to those designs using a moving 
vacuum source or a stationary vacuum with a sliding conduit that must be sealed to maintain the 
vacuum. 

[0037] While the invention has been particularly shown and described with reference to a 
preferred and alternative embodiments, it will be understood by those skilled in the art that 
various changes in form and detail may be made therein without departing from the spirit and 
scope of the invention. 
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